Global CH 4 production is dominated by emissions from wetlands, ruminants and gas and coal mining. Natural wetlands account for 26% of the global production and rice paddy fields for a further 5%. Soils are also a small, but significant sink for CH 4 (30 Tg y -1 ). Natural forest soils are believed to be the largest sinks, but their sink strength can change from sink to source, depending on the soil moisture conditions and land management ( Figure 1 ).
Microbial processes leading to N 2 O and CH 4 production and consumption
In soils and waters the microbial processes, 'nitrification', 'denitrification', 'methanogenesis' and 'CH 4 
Nitrification and denitrification
Nitrification is the oxidation of ammonium to nitrate and requires oxygen and a source of ammonium. This process is a common source of N 2 O in the top few mm of the soil and dominates N 2 O production when soils are relatively dry. Large rates of N 2 O production are associated with denitrification, the reduction of nitrate to N 2 O or N 2 . This process requires nitrate and simple organic carbon compounds (Bremner, 1997; Davidson, 1991) . Complete denitrification to N 2 only occurs in the absence of oxygen, whereas in the presence of small amounts of oxygen, N 2 O is the dominant denitrification product. Optimal conditions for denitrification are realised in waterlogged soils or in soils with high oxygen demand. The latter conditions can be achieved by decaying organic matter, root exudates or additions of manure (Wrage et al., 2001 
Effects of land use change from forests on N 2 O and CH 4 fluxes
Globally deforestation is continuing at a rate of 12.9 million ha -1 y -1
, primarily as a result of converting forests to agricultural land in South America, Africa and Asia (FAO, 2006) . Land use change from forestry invariably requires logging, sometimes tree stump removal, drainage, and ploughing. In the short term these destructive activities will increase microbial decomposition and mineralisation and lead to increased emissions of CO 2 , N 2 O and CH 4 (Yashiro et al., 2008) . It has been estimated that humid tropical primary forests grown on mineral soil lose about 30% of their carbon stock when converted to oil palm plantations or agricultural land (Murty et al., 2002) . On peat such conversion results in much larger carbon losses, due to its high organic matter content. Land use change from forestry invariably increases N 2 O emissions and reduces CH 4 oxidations rates; and in some cases turns CH 4 oxidation to emissions. The rate of change and length of increased flux rates depends on soil type, drainage, rainfall and land management. However relatively few studies have been undertaken, and there are high levels of uncertainty associated with estimates of greenhouse gas fluxes during land use change.
Interests in growing biofuel as a 'low carbon energy' source have increased conversion of forests and permanent grasslands to growing annual and perennial bioenergy crops across the globe. Calculating the carbon footprint for biofuel production must include soil emissions of N 2 O and CH 4 (Crutzen et al. 2008) , as these emissions can offset or reduce carbon savings from replacing fossil fuel with renewable bioenergy based fuel (Drewer et al. 2011 ). Due to lack of sufficient N 2 O and CH 4 flux data, carbon footprint analyses of land use change to bioenergy crops are highly uncertain. 
Mitigating N 2 O and CH 4 emissions
Reducing N 2 O emissions from oil palm plantations is critically important in reducing the carbon footprint of the end product, but because mitigation strategies often require increased nutrient use efficiency, there are both environmental and economic benefits Methane emission and oxidation rates tend to be small from managed soils. Land use change often reduces the soil CH 4 sink strength, which however can be improved by maintaining good soil structure, avoid carbon losses and compaction and minimise tillage.
